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Summary
Background: Increased aerobic capacity can reduce the incidence of cardiovascu-
lar disease and mortality. Inﬂammation plays a pivotal role in the pathogenesis of
atherosclerosis.
Aims: This study was designed to elucidate whether aerobic capacity is associated
with inﬂammatory status.
Methods: The subjects included 90 overweight women [age, 51.5± 10.7 yrs; body
mass index (BMI), 28.1± 2.5] with coronary risk factors who were outpatients at our
institution. A multistage graded submaximal exercise stress test was performed on
an electric bicycle ergometer to determine the estimated maximal oxygen uptake
(V˙O2 max).
Results: Univariate regression analyses showed that monocyte, neutrophil counts,
and high sensitivity C-reactive protein (hs-CRP) levels were correlated with fasting
triglycerides, fasting insulin, BMI, and waist circumference, while V˙O2 max was nega-
tively associated withmonocyte and neutrophil counts, but not with hs-CRP. Stepwise
multivariate regression analysis demonstrated a strong association of monocyte
count with the fasting triglyceride and V˙O2 max (r2 = 0.260, p < 0.0001). Neutrophil
count was also found to be associated with fasting triglyceride and fasting insulin
(r2 = 0.114, p < 0.0001), while hs-CRP was associated with fasting triglyceride and
waist circumference (r2 = 0.151, p < 0.0001).
 Notice of grant support: This study was supported in part by a grant from the Japanese Ministry of Education, Culture, Sports,
Science and Technology (No. 16500445).
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Conclusions: These results suggest that V˙O2 max is a sensitive factor that reﬂects the
inﬂammatory status and might support cardiovascular protective effects of aerobic
omen.
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Introduction
It is well known that physical inactivity is associated
with a signiﬁcantly higher incidence of coronary
artery disease (CAD) [1], and that increases in aer-
obic capacity can reduce the incidence of CAD
and mortality [1,2]. On the other hand, there is
accumulating evidence that inﬂammation plays a
pivotal role in the pathogenesis of various stages
of atherosclerosis, including the initiation and pro-
gression of atheroma formation, plaque instability
and rupture, and post-angioplasty restenosis [3—8].
Adhesion of leukocytes, neutrophils, and mono-
cytes to the endothelium, induced by cell adhesion
molecules, and subsequent migration of leukocytes
across the endothelium into the vessel wall are
characteristic steps in the process of inﬂamma-
tion [6—9]. In addition, white blood cell count has
recently been shown to be a predictor of cardio-
vascular events [10] and there is also evidence
that a reduction in body weight decreases the
levels of inﬂammatory markers [11,12]. Although
several studies have reported that lower physical
activity levels are associated with higher levels
of inﬂammatory markers such as high-sensitivity
CRP (hs-CRP) and white blood cell counts [13—15],
Rawson et al. [16] reported that hs-CRP levels
correlated with body mass index (BMI), but not
with physical activity levels. Therefore, at present,
the association between inﬂammatory markers and
physical activity remains controversial.
Our hypothesis is that an increase in aero-
bic capacity may have cardiovascular protective
effects by inhibiting inﬂammatory processes. This
study was designed to investigate the relationship
between aerobic capacity and inﬂammatory mark-
ers such as white blood cell count and hs-CRP in
overweight women.
Subjects and methods
Subjects
The study involved enrollment of 90 over-
weight female patients [age, 51.5± 10.7 yrs;
BMI, 28.1± 2.5 kg/m2] with coronary risk factors,
including hypertension, impaired glucose toler-
ance, or dyslipidemia. A breakdown of patients’
(
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M
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uIreland Ltd on behalf of Japanese College of Cardiology.
oronary risk factors was as follows: 33 hyper-
ension; 20 impaired glucose tolerance; and 49
yslipidemia. Patients taking cardioactive drugs
uch as anti-hypertensive drugs, statins, or hypo-
lycemic agents, or patients with a history of
erebrovascular disease, CAD, or inﬂammatory dis-
ases and habitual smokers were excluded from the
tudy. The local institutional review board approved
he study protocol, and written informed consent
as obtained from each patient prior to commence-
ent of the study.
lood sampling and anthropometric
easurements
lood samples were collected early in the morning
y venipuncture from an antecubital vein, after at
east 12 h fasting. The fasting blood samples were
sed to measure the following parameters: mono-
yte and neutrophil counts measured by the mirror
xamination method, hs-CRP levels by the high sen-
itivity latex photometric immunoassay method,
igh-density lipoprotein cholesterol (HDL-C) lev-
ls by the direct method, low-density lipoprotein
holesterol (LDL-C), triglyceride, and plasma glu-
ose levels by enzymatic methods, serum insulin
evel by the enzyme immunoassay method, and
emoglobin A1c (HbA1c) by high performance liquid
hromatography. BMI was calculated as the ratio of
ody weight (kg) to height squared (m2). Waist cir-
umference wasmeasured at the level of umbilicus.
xercise stress test
multistage graded submaximal exercise stress
est was performed on each subject using an
lectric bicycle ergometer (75XL-II COMBI, Tokyo,
apan). The workload was increased every 4min,
epending on their daily activity levels. A CM5-lead
CG (ML-1800, Fukuda Denshi, Tokyo, Japan) was
ecorded continuously during exercise testing.
he following parameters were measured at restFB-300, Fukuda Denshi); and blood lactate con-
entration (Lactate Pro, Arkray, Kyoto, Japan).
aximal oxygen uptake (V˙O2 max) was estimated
y the nomogram of Åstrand and Ryhming [17],
sing the heart rate measured at three different
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Table 1 Differences in coronary risk factors in the low, moderate, and high V˙O2 max groups
Low (n = 30)
(15.5—24.5ml/kg/min)
Moderate (n = 30)
(24.7—28.3ml/kg/min)
High (n = 30)
(28.4—50.9ml/kg/min)
LDL-C (mg/dl) 141.5 ± 35.1 132.0 ± 27.7 132.9 ± 31.9
HDL-C (mg/dl) 55.6 ± 11.2 55.5 ± 12.3 61.7 ± 13.3*,a
Fasting triglyceride (mg/dl) 121.0 ± 60.9 111.3 ± 32.1 95.5 ± 43.7*,a
HbA1c (%) 5.3 ± 0.3 5.3 ± 0.5 5.1 ± 0.7
Fasting glucose (mg/dl) 97.2 ± 12.7 97.2 ± 14.2 92.6 ± 11.6
Fasting insulin (U/ml) 13.9 ± 10.8 9.0 ± 3.8 6.7 ± 3.7*
Systolic blood pressure (mmHg) 119.1 ± 18.8 120.7 ± 16.7 116.3 ± 21.9
Diastolic blood pressure (mmHg) 79.8 ± 10.3 79.2 ± 9.7 72.7 ± 9.0
BMI (kg/m2) 30.9 ± 5.1 27.7 ± 2.9* 25.7 ± 2.6*,a
Waist circumference (cm) 94.2 ± 6.9 87.0 ± 8.9* 81.9 ± 6.7*,a
V˙O2 max (ml/kg/min) 22.7 ± 2.4 26.0 ± 1.0* 32.2 ± 5.4*,a
Data are expressed as mean± S.D. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c,
hemoglobin A1c; BMI, body mass index; V˙O max, maximum oxygen uptake.
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a Compared with moderate group.
* p < 0.05, compared with low group.
ubmaximal workloads. The end point of exercise
esting was determined on the basis of either
chieving a blood lactate concentration ≥4mmol/l
r the criteria described in the guidelines of
he American College of Sports Medicine [18].
he subjects were divided into three categories,
hich were deﬁned as equally trisected distri-
utions of V˙O2 max [low (15.5—24.5ml/kg/min),
oderate (24.7—28.3ml/kg/min), and high
28.4—50.9ml/kg/min)].
tatistical analysis
he data are expressed as the means± S.D. The sta-
istical analyses were performed using the StatView
.0 software package. Inter-group comparisons
ere carried out using the unpaired t-test for
ontinuous variables. The inter-multiple group rela-
ionships were determined using a one-way analysis
f variance (ANOVA). Pearson’s univariate regres-
ion and stepwise multivariate regression analyses
ere performed in order to determine the associ-
tion among the monocyte and neutrophil counts,
s-CRP, and risk factors for CAD. A probability value
f <0.05 was considered as statistically signiﬁcant.
esults
able 1 summarizes baseline characteristics of the
ow, moderate, and high V˙O2 max groups. Among
he 3 groups, signiﬁcant differences were seen
n the levels of HDL-C, fasting triglyceride and
asting insulin, and BMI and waist circumference.
onocyte counts were 278± 102, 278± 62 and
21± 82/l in the low, moderate, and high V˙O2 max
H
V
c
troups, respectively, and higher in low and mod-
rate V˙O2 max groups, compared to high V˙O2 max
roup (p < 0.05), respectively. Neutrophil counts
ere 3097± 972, 2859± 816, and 2587± 853/l
n the low, moderate, and high V˙O2 max groups,
espectively, and higher in low V˙O2 max group, com-
ared to high V˙O2 max group (p < 0.05). The hs-CRP
evels were similar among the 3 groups (1.15± 1.02,
.25± 1.75, 0.92± 1.37mg/l in low, moderate, and
igh V˙O2 max groups, respectively) (Fig. 1).
Table 2 shows the associations of monocyte
ounts, neutrophil counts, and hs-CRP levels with
ther CAD risk factors, determined by univariate
egression analysis. Monocyte counts were cor-
elated positively with fasting triglyceride level
p < 0.0001), HbA1c, fasting glucose level, fasting
nsulin level (p < 0.01), BMI, waist circumference
p < 0.05), and negatively with V˙O2 max (p < 0.05).
imilarly, we found neutrophil counts were cor-
elated positively with fasting triglyceride level,
asting insulin level (p < 0.01), BMI (p < 0.05), and
egatively with V˙O2 max (p < 0.05). The hs-CRP
evels were positively correlated with fasting
riglyceride levels (p < 0.001), waist circumference
p < 0.01), HbA1c, fasting glucose level, fasting
nsulin level, BMI (p < 0.05), and negatively with
DL-C level (p < 0.01).
In the stepwise multivariate regression anal-
sis, either monocyte count, neutrophil count,
r hs-CRP levels were entered as the depen-
ent variable. The following factors were entered
s independent variables: fasting triglyceride;
bA1c; fasting insulin; waist circumference; and
˙O2 max. This analysis showed that monocyte
ounts were associated independently with fasting
riglyceride and V˙O2 max (r2 = 0.260, p < 0.0001).
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Figure 1 Differences in monocyte, neutrophil counts, and hs-CRP in the low (n = 30, 15.5—24.5ml/kg/min), moderate
(n = 30, 24.7—28.3ml/kg/min), and high V˙O2 max groups (n = 30, 28.4—50.9ml/kg/min). The results are shown as the
means± S.D. NS, not signiﬁcant.
Table 2 Association between monocyte, neutrophil counts, hs-CRP, and other coronary risk factors calculated by
simple regression analysis
Monocyte counts Neutrophil counts hs-CRP
LDL-C 0.057 0.074 0.125
HDL-C −0.166 −0.185 −0.277*
Fasting triglyceride 0.510*** 0.337* 0.388**
HbA1c 0.320* 0.126 0.231†
Fasting glucose 0.292* 0.119 0.245†
Fasting insulin 0.310* 0.297* 0.210†
Resting systolic blood pressure 0.015 0.046 0.098
Resting diastolic blood pressure 0.025 0.047 0.011
BMI 0.210† 0.237† 0.210†
Waist circumference 0.217† 0.186 0.337*
V˙O2max −0.251† −0.235† −0.035
Data are expressed as the coefﬁcient of correlation. †p < 0.05, *p < 0.01, **p < 0.001, ***p < 0.0001. HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; BMI, body mass index; V˙O2 max, maximum oxygen
uptake; NS, not signiﬁcant.
Table 3 Association between monocyte, neutrophil counts, hs-CRP, and the other coronary risk factors calculated
by stepwise multiple regression analysis
Monocyte counts Neutrophil counts hs-CRP
ˇ p-Value ˇ p-Value ˇ p-Value
Age 0.063 NS 0.139 NS 0.069 NS
HDL-C −0.088 NS −0.010 NS −0.077 NS
Fasting triglyceride 0.491 0.0001 0.275 0.0001 0.333 0.0001
HbA1c 0.198 NS 0.002 NS 0.125 NS
Fasting insulin 0.151 NS 0.220 <0.0001 0.041 NS
Waist circumference 0.043 NS 0.037 NS 0.268 <0.0001
V˙O2max −0.206 <0.0001 −0.169 NS −0.216 NS
r2 0.260 0.114 0.151
ˇ; standard regression coefﬁcient. In the stepwise multiple regression analysis either the monocyte, neutrophil counts, or hs-CRP
were entered as dependent variables. The following factors were entered as independent variables: age, high-density lipoprotein
cholesterol (HDL-C), fasting triglyceride, hemoglobin (Hb) A1c, fasting insulin, waist circumference and maximum oxygen uptake
(V˙O2 max).
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eutrophil count was also found to be associ-
ted with fasting triglyceride and fasting insulin
r2 = 0.114, p < 0.0001), while hs-CRP was associ-
ted with fasting triglyceride and waist circumfer-
nce (r2 = 0.151, p < 0.0001) (Table 3).
iscussion
he major ﬁnding of our study was that mono-
yte and neutrophil counts were higher in the
ow V˙O2 max group compared to the high V˙O2 max
roup. In addition, our univariate regression analy-
is showed that monocyte and neutrophil counts,
ut not hs-CRP levels, were related to V˙O2 max.
urthermore, the stepwise multivariate regres-
ion analysis showed the independent associations
f monocyte count with fasting triglyceride and
˙O2 max, neutrophil count with fasting triglyceride
nd fasting insulin, and hs-CRP with fasting triglyc-
ride and waist circumference.
Several studies have demonstrated an associa-
ion between inﬂammatory markers and the level
f physical activity [13—15]. Mora et al. [14]
eported that increased BMI or decreased phys-
cal activity levels in middle-aged women were
ssociated with increased levels of CRP, ﬁbrino-
en, and soluble intracellular adhesion molecule-1
sICAM-1). Similarly, in a study on the relation-
hip between inﬂammatory markers and aerobic
apacity in apparently healthy Japanese subjects,
chihara et al. [15] observed that elevated CRP lev-
ls and white blood cell counts were associated
ith lower V˙O2 max levels. Another study also con-
rmed that moderate exercise was effective for
mproving immune function such as neutrophil func-
ion and the activity of natural killer cells [19].
owever, despite this evidence, the mechanism
inking V˙O2 max and inﬂammation in relation to
therosclerosis remains unknown.
V˙O2 max is determined by the product of
he arteriovenous oxygen difference and car-
iac output. V˙O2 max is not merely an index of
hysical ﬁtness, but also reﬂects the function
f the cardiopulmonary system and the preva-
ence of risk factors for atherosclerosis [20].
ade et al. [21] demonstrated that V˙O2 max and
rteriovenous oxygen difference were lower in
ubjects with human immunodeﬁciency virus infec-
ion compared with controls. Possible mechanisms
o account for these changes were the inﬂu-
nce of highly active antiretroviral therapies or
he effects of inﬂammatory responses such as
nterleukin-1 and tumor necrosis factor-. A lon-
itudinal study in patients with chronic heart
ailure demonstrated that the plasma levels of
l
b
c
r
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ranulocyte-colony stimulating factor, monocyte
hemoattractant protein-1, sICAM-1, and soluble
ascular cell adhesion molecule-1 (sVCAM-1) were
ecreased by bicycle exercise training for 12
eeks at 70—80% of maximal heart rate inten-
ity, and that the resulting increase in V˙O2 max
as associated with a reduction in the levels of
ICAM-1 and sVCAM-1 [22]. The adhesion of leuko-
ytes including neutrophils and monocytes to the
ndothelium induced by cell adhesion molecules,
nd also leukocyte migration across the endothe-
ium into the vessel wall, are characteristic steps
n the inﬂammatory processes involved in the vari-
us stages of atherosclerosis [4—9]. Adamopoulos et
l. [22] suggested that increased V˙O2 max resulting
rom endurance training was effective in inhibit-
ng monocyte inﬁltration into the vascular wall.
herefore, increases in V˙O2 max may be a sensitive
arker of cardiovascular protective effects as a
onsequence of its potential to inhibit some inﬂam-
atory processes in obese subjects.
In our study, fasting triglyceride levels were also
elated to the monocyte and neutrophil counts and
s-CRP. Increased triglyceride levels are well known
o be associated with the development of CAD [24].
urthermore, several studies have reported that
ypertriglyceridemia is associated with endothe-
ial dysfunction and levels of inﬂammatory markers
5,23,24]. Our ﬁnding of an independent association
f monocyte and neutrophil counts and hs-CRP with
asting triglyceride in the multivariate analysis sup-
orts the ﬁndings of these studies and suggests that
ncreased serum triglyceride may be a predictive
actor for vascular inﬁltration.
Although prior research has focused on mono-
ytes as the predominant inﬂammatory cell type
nvolved in atherosclerosis [4,5,9], there is increas-
ng evidence that neutrophil activation is also a
ajor participant in the inﬂammatory process of
schemic cardiovascular disease, particularly in the
cute inﬂammatory reaction [6,8]. In addition, a
tudy in a large patient cohort with a high risk
f CAD showed that of the various types of leuko-
ytes, the neutrophil count was the best predictor
f future cardiovascular events [10]. In our study,
oth the monocyte and neutrophil counts were
ssociated with V˙O2 max in the univariate analy-
is. However, the results of our multivariate analysis
uggest that monocyte counts may have a greater
ffect on aerobic capacity.
Our data showed no association between hs-CRP
˙evels and VO2 max. At present, the association
etween hs-CRP and physical activity levels is
ontroversial. Although several previous studies
eported an independent association between phys-
cal activity and hs-CRP levels [13—15], Rawson et
[[
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[
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al. [16] showed that hs-CRP correlated with BMI
levels, but not with physical activity levels. More
recently, Verdaet et al. [25] also reported that
leisure time physical activity was associated with
general risk factors for CHD, such as obesity indices
and serum lipid proﬁle, but not with the levels of
CRP, serum amyloid A, or ﬁbrinogen levels. These
contradictory results may have been caused by dif-
ferences in study population, study sample size,
and assessment of aerobic capacity. Irrespective
of these earlier ﬁndings, our results suggest that
monocyte and neutrophil counts contribute to aer-
obic capacity to a greater extent than hs-CRP, at
least in overweight women.
Study limitations
There were several potential limitations in our
study. Firstly, the limited study population resulted
in a small number of subjects, with this group
being restricted to middle-aged women. Secondly,
as the study was a cross-sectional design, we were
unable to clarify the causative role of the inﬂam-
matory markers on V˙O2 max. Thirdly, V˙O2 max in
our study was estimated using the nomogram of
Åstrand and Ryhming. Finally, it may be accept-
able to generalize our results to obese subjects for
both men and women, although our study was only
in women. Therefore, further research is required
to clarify more precisely the association between
inﬂammation and aerobic capacity following exer-
cise therapy.
Conclusions
Our study demonstrated that monocyte and neu-
trophil counts were higher in the low V˙O2 max group
compared to the high V˙O2 max group. In addition,
univariate regression analysis showed that V˙O2 max
was related to monocyte and neutrophil counts, but
not with hs-CRP levels. These results suggest that
V˙O2 max is a sensitive factor that reﬂects inﬂam-
matory status and might support cardiovascular
protective effects of aerobic exercise in overweight
women.
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